Statins are some of the most widely prescribed medications, and though generally well tolerated, can lead to a self-limited myopathy in a minority of patients. Recently, these medications have been associated with a necrotizing autoimmune myopathy (NAM). Statin-associated NAM is characterized by irritable myopathy on electromyography (EMG) and muscle necrosis with minimal inflammation on muscle biopsy. The case presented is a 63-yearold woman who has continued elevation of creatine kinase (CK) after discontinuation of statin therapy. She has irritable myopathy on EMG and NAM is confirmed by muscle biopsy. She subsequently tests positive for an experimental anti-3-hydroxy-3-methylglutaryl-coenzyme A (antiHMGCoA) antibody that is found to be present in patients with statin-associated NAM. Though statin-associated NAM is a relatively rare entity, it is an important consideration for the general internist in patients who continue to have CK elevation and weakness after discontinuation of statin therapy. Continued research is necessary to better define statin-specific and dose-dependent risk, as well as optimal treatment for this condition.
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CASE PRESENTATION
A 63-year-old African American woman with a past medical history of mild intermittent asthma, allergies, coronary artery disease, gastroesophageal reflux, hypertension and type 2 diabetes mellitus presented for evaluation of proximal muscle weakness most prominent in the lower extremities. She complained that she was unable to walk without her legs buckling. She denied excessive alcohol use, weight loss, night sweats, black tarry stools, joint swelling, fevers, and skin changes. Examination confirmed significant proximal muscle weakness of her lower extremities. Routine laboratory studies were normal except for a creatine kinase (CK) level of 10,829 U/L (Fig. 1) . Several months prior to the onset of her weakness, she underwent coronary artery stenting and was changed from simvastatin to atorvastatin. Before switching to atorvastatin, her CK level was normal (174 U/L). The atorvastatin was suspected as the cause and immediately discontinued. After several months of taking no statins, her walking improved, but she continued to have significant muscle pain and weakness. Her CK was rechecked and remained elevated at 2306 U/L (Fig. 1) .
Additional neurologic, serologic, and musculoskeletal studies were performed. Nerve conduction study (NCS) and electromyography (EMG) were consistent with an active, irritable myopathy of the proximal muscles. Myositis-associated and connective tissue disease antibody panels were negative except for positive titers of anti-centromere antibodies (Table 1) . A muscle biopsy was performed that showed muscle necrosis with minimal inflammation. At that time, no definitive diagnosis was made. However, the patient remained stable, with no additional medical therapy, for approximately a year. Then, her condition worsened with increasing muscle weakness and a rising CK to 7015 U/L (Fig. 1) . Muscle strength examination at this time revealed decreased muscle bulk in the biceps and triceps. She was found to have significantly decreased strength in the hip flexors bilaterally, not capable of lifting her legs against minimal resistance from the examiner. She was unable to rise from a seated position.
Given the persistent weakness and CK elevation long after statin discontinuation, there was concern for possible statinassociated necrotizing myopathy with consideration for other inflammatory myopathies, such as dermatomyositis (DM) and polymyositis (PM). Review of medication history antecedent to symptom onset revealed no other medications known to cause myopathy ( Table 2 ). Thyroid function was normal, with a thyroid stimulating hormone (TSH) of 3.06 (reference 0.4-5.0 μIU/mL). Given the connection between necrotizing myopathy and malignancy, cancer screening was reviewed. Screening colonoscopy was performed in 2011 with a recommended follow-up of 10 years. Mammogram performed in 2011 was stable from prior with benign findings (BI-RADS 2), and cervical cancer screening in the same year was negative for intraepithelial neoplasm. Repeat muscle biopsy revealed findings similar to the initial biopsy with severe myopathic changes and considerable necrosis (Fig. 2a) . Additional immunofluorescence staining using antibody to C5b9 complement membrane attack complex (MAC) and major histocompatibility complex class I (MHC-I) demonstrated the presence of an antibody-mediated attack of non-necrotic fibers, which made statin-induced myopathy and dermatomyositis more likely ( Fig. 2b-d ). The patient was tested for the presence of novel anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (anti-HMGCR) antibodies with a positive result. She was diagnosed with statin-associated necrotizing autoimmune myopathy (NAM) and started on 40 mg of prednisone daily.
Days after initiating corticosteroids, she presented to the hospital with acutely worsened weakness and shortness of breath. In addition to continuing prednisone, intravenous immunoglobulin (IVIG) 2 mg/kg divided into five doses was initiated with improvement in strength. She was also started on methotrexate later in the hospital stay. Upon discharge, she continued treatment with IVIG every four weeks and was maintained on prednisone and methotrexate therapy with improved strength and normalization of CK.
DISCUSSION
Statins are among the most commonly prescribed medications, with 29.7 million people receiving prescriptions for statins in 1 Due to the institution of the new American College of Cardiology and American Heart Association guidelines, the number of patients qualifying for statin therapy has increased substantially, with therapy recommended in 33 million of 101 million people without clinical cardiovascular disease. 2 The impact of statins has primarily been in the arena of vascular health, with effects on both primary and secondary prevention of cardiovascular events. 3, 4 Though these medications are generally well tolerated, they can lead to musculoskeletal side effects, with up to 20 % of patients experiencing myalgias. 5 Notably, the estimated incidence of true statin-induced myopathy, characterized by muscle weakness with concomitant elevation in CK, is much lower, at 44 to 120 per million per year. 6, 7 Anti-HMGCR NAM is even more rare, with an incidence estimated to be 2 per million per year. 5 Marked elevation in CK is characteristic of NAM, with a mean value of 10,000 IU/L compared to the self-limited form. 5 The mechanism of myocyte disruption in self-limited statin myopathy is not fully understood, but theories include changes in the cholesterol composition of cellular membranes, effects on compounds such as coenzyme Q10 that require cholesterol precursors for synthesis, and decreased isoprenoids responsible for reducing apoptosis of myocytes. 7 In general, statins produce a self-limited myopathy that resolves within several months of medication cessation; however, they are also associated with increased incidence of inflammatory myopathies including DM and PM as well as statin-associated NAM. 8, 9 Similar to self-limited statin myopathy, statin-associated NAM pathophysiology is poorly understood. It is hypothesized that the upregulation of HMGCR in patients taking statins in combination with major histocompatibility complex I (MHC-I) presentation of specific HMGCR antigens leads to the formation of ant-HMGCR antibodies. Furthermore, there is increased expression of HMGCR in regenerating muscle fibers, which may lead to propagation of antibody formation even after statin discontinuation. 5 Immunohistochemistry staining of biopsy specimens displays MHC-I upregulation on both necrotic and non-necrotic fibers. 10 While normal muscle shows MHC-I antigens only on blood vessels, sarcolemmal and internal upregulation of MHC-I has also been described in other inflammatory myopathies, dystrophinopathies, and other muscular dystrophies. 11 Deposition of complement membrane attack complexes on non-necrotic muscle fibers is consistent with the concept that the myofiber degeneration in anti-HMGCR NAM is a complement-mediated antibody-dependent toxicity. 12 Additionally, there is an identified association between anti-HMGCR NAM and HLA-DRB1*11. 13 The novel anti-HMGCR antibody, which was discovered in 2010, is a promising diagnostic marker for statin-associated NAM. 12 Nearly all patients with statin-induced necrotizing 15 These patients often have slightly different clinical characteristics, such as younger age and increased inflammation, compared to statin-exposed individuals. 15 There is no clear association between anti-HMGCR antibody NAM and collagen vascular disease; however, at least two cases have been described: one with anti-synthetase syndrome and another who was Scl-70 positive and was diagnosed with scleroderma.
15 Interestingly, our patient tested positive for the anti-centromere antibody, but she did not have other sequelae consistent with a diagnosis of limited scleroderma.
There are several types of NAM, including those associated with malignancy, anti-signal recognition particle (SRP) antibodies, connective tissue disease, HIV and statins. 16 Malignancy was less likely in our patient, considering the duration of symptoms for two years, absence of weight loss and normal routine screening. Regardless of the underlying etiology, patients generally present with significant proximal muscle weakness and marked elevation in CK levels, often greater than ten times the upper limit of normal. Electromyography (EMG) shows signs of irritable proximal myopathy, indicative of a severe muscle disease such as an immune-mediated myopathy, compared to a non-irritable myopathy such as a steroid-induced myopathy. Muscle biopsy has features of prominent muscle necrosis with myofiber regeneration and minimal inflammation. 8 Myalgias are present in 16-75 % of patients with statin-induced NAM, and peak elevation in CK levels range from 958 to 45,000 IU/L. 5 Currently, distinguishing statin-associated NAM from other forms of NAM requires history of statin exposure, consistent muscle biopsy findings, and consideration for and exclusion of alternative causes of NAM. Anti-HMGCR antibody testing is now commercially available from Rheumatology Diagnostics Laboratory, Inc. (RDL) and may be utilized to confirm a diagnosis of statin-associated anti-HMGCR antibody NAM.
There is little clinical evidence for the association between incidence of statin-associated NAM and particular statins or statin dose. Different statins have varied propensities for causing self-limited myopathy, with atorvastatin and simvastatin associated with higher rates of myopathy than rosuvastatin; however, there is no established association between specific statins and the occurrence of statin-associated necrotizing autoimmune myopathy. 17, 18 Interestingly, our patient was on simvastatin with a normal CK for 10 years and only developed symptoms when transitioned to atorvastatin. In one series of 25 patients, 21 were taking atorvastatin at the time of the development of proximal muscle weakness, though this was likely a representation of prescribing practices and not necessarily indicative of an association between atorvastatin and increased risk of NAM. 18 Simvastatin and pravastatin use has also been noted in patients with statin-associated NAM. 18 Though there is a known association between statin dose, incidence and severity of self-limited myopathy, a dose relationship with statins in necrotizing autoimmune myopathy has not been established. 5, 19 Length of statin exposure prior to the development of symptoms has been noted to be approximately 3 years on average, with a range of 9 months to 10 years. 18 Immunosuppressive therapy is the mainstay of treatment for statin-associated necrotizing autoimmune myopathy, and is essentially identical to the treatment of other causes of NAM. Currently, there are no controlled trials to guide treatment selection. Initial treatment is generally high-dose prednisone (1 mg/kg/day). Methotrexate is the most commonly used steroid-sparing agent, with azathioprine, mycophenolate mofetil and cyclosporine also being utilized. 10 In cases that are refractory to high-dose prednisone and steroid-sparing agents, or in cases that are particularly severe at diagnosis, intravenous immunoglobulin (IVIG) is utilized at a dose of 2 g/kg in divided doses over 2 to 5 days, every 4 to 6 weeks. 10 Initial response to therapy is generally quite good with 100 % of patients in two separate studies showing a partial (36 % and 54 %) to complete (64 % and 46 %) response. However, there was also a 50-60 % relapse rate in these studies after tapering immunosuppressive therapy. 5, 18 Self-limited statin myopathy has been described for several decades, but statin-associated autoimmune necrotizing myopathy is an entity that has been described only in recent years. Though it is rare, statin-associated NAM is an important consideration for the general internist in any patient who has prolonged symptoms of muscle weakness and elevated CK levels after discontinuation of statin therapy. Workup in these cases should include EMG and muscle biopsy, with signs of irritable myopathy on EMG and prominent necrosis with minimal inflammation indicative of necrotizing autoimmune myopathy. Anti-HMGCR antibody testing is now available to aid in confirmation of the diagnosis. Additional studies that examine the effect of different statins and the dose response in statin-associated NAM are needed. Given our patient's 10-year history of simvastatin use and onset of symptoms only after initiation of atorvastatin therapy, there is reason to suspect relation to therapy with specific statins. Additionally, the severity of her disease at diagnosis and need for aggressive immunosuppressive therapy raises questions regarding the impact of diagnostic delay on treatment effectiveness. Current strategies for immunosuppressive therapy utilizing highdose prednisone, steroid-sparing agents and IVIG have demonstrated an improvement in strength and CK levels, but clinical research is needed to establish treatment outcomes, determine the role of trending anti-HMGCR antibody titers as a measure of treatment efficacy, and identify the most effective therapeutic regimens.
